Experimental
In Fig, l the setup employed in the present study is schematically shown. It measures the frequency change of the impedance of a capacitive cell containing a sample solution from DC to 2 GHz. All of the measurements were conducted at 298 K. The water used was of very high purity with a resistivity of more than 18 MIl cm. It was produced by the Milli-Q SP system and Labo IonPure (Millipore Ltd.)
The cell comprised a couple of parallel copper plates with an area (S) of 10 mmX20 mm and the gap (D) of 2 mm. Half of the volume (10 mmX 10 mmX2 mm) was inserted with a plastic plate, and the other half was filled with a sample solution. In the measurement it was immersed into a sample solution (Fig. 1) . The frequency change of the impedance showed a typical series resonance curve with a minimum at around 500 MHz. The resonance frequency changed as a function of the permittivity (E) of the solution. It is given as fR=(1 /27t)(LC)-112, where L and C are the inductance and capacitance of the cell, respectively, including lead wires. Substitution of the well-known relation for a parallelplates capacitor, C=eS/D, leads tofRconst. X112. If the cell was calibrated by a solution with known permittivity, the measured results could be expressed in terms of the relative permittivity. The results are, however, presented in the form of the resonance frequency versus the concentration, by which the stepwise change can be seen more distinctly.
Results and Discussion Figure 2 shows the resonance frequency (fR) for ethanol/water solution as a function of the molar fraction of ethanol (XE). It should be noted that stepwise increases in fR are clearly seen at more than three values of XE. A gradual increase of fR is also seen. The broken line in the figure shows the calculated curve of fR derived from the assumption that the permittivity of the mixture is given by a weighted sum of the permittivities of the water and alcohol components. It roughly explains the gradual increase of fR. The stepwise increases of fR at 0.08, 0.22, 0.73 of XE may correspond to anomalous changes in the physicochemical properties at similar molar fractions reported by NMR12"3, MSS'', and TDR' studies. Separated by these values of the molar fraction, the ethanol/water solution is divided into four concentration regions: I, II, III, and IV. Each region may be associated with a certain type of solution structure. According to the above studies together with the enormous amount of studies so far reported14, we could produce a rough picture of the structure for each divided region. In region I, water molecules constitute a network by hydrogen bonding and alcohol molecules are incorporated into the vacancies of the network. In region IV, on the contrary, alcohol molecules constitute a network by hydrogen bonding and the hydrophobic interaction, and water molecules are incorporated into the vacancies of the network. The transitions from I to II, II to III, and III to IV may be associated with a rearrangement of the network formed by hydrogen-bonding of water or alcohol molecules. The nature of these transitions and the concrete structures for regions II and III, are not yet known. Figure 2 shows another stepwise increase of fR at 0.43 of XE. This implies the existence of more structures of an ethanol/water solution. Similar stepwise changes in fR have also been observed for the other alcohol/water solutions studied (Figs. 3 -5) . The values of the molar fraction at a stepwise change of fR, however, show a slight amount of shifts for each sample solution. The amount of shifts may be related to the permittivity or the structure of alcohols. A research program based on permittivity dispersion measurements, mass etry, and IR spectroscopy is now in progress.
